Because of the specificity of given sport and weight categories wrestlers are characterized by specific morphologic characteristics. With the development of new measurement technologies there are some new opportunities for the development of new ways of obtaining information relevant to the sports system. One of the new technologies, which are used in area of measurement of body composition structure, is a method of bioimpedace, and the latest generations use a variant of the multichannel bioelectrical bioimpedance. The goal of this study is to define morphological model of top senior wrestlers by using the latest technological methods that will revalidate the existing knowledge about the given area. The sample of respondents is made of 22 male wrestlers, Greco-Roman style, top senior level athletes from four different countries: Serbia (n = 10), Croatia (n = 9), Montenegro (n = 2) and Greece (n = 1). Measurement of body composition is made with method of multichannel bioelectric impedance with professional apparatus of latest generation -InBody 720 Tetrapolar 8-Point Tactile Electrode System (Biospace, Co., Ltd). The most important result of this research is definition of generic (general) four-dimensional model (4D model) of body composition with quality international level wrestlers with following characteristics: in regards to average body mass of sample wrestlers -81.95 kg, the amount of water is 55.08 L or 67.24 %, the amount of proteins is 15.00 kg or 18.33%, minerals 4.98 kg or 5.97% and fat mass 6.99 kg or 8.49 %.
INTRODUCTION
The majority of experts and scientists dealing with morphology of athletes consider that there is a dialectic connection between particular sports and morphological characteristics of the one athlete. Namely, in majority of cases, young athletes choose sports adequate to their morphology, because that morphology is the fact that in certain amount determines his body advantage. On the other hand, by practicing the chosen sport, and considering the phenomena of adaptation to certain sports exertion, the athlete gains characteristics typical for given sports. It was shown that as higher the sports achievements are, the tighter is their connection to athlete`s body composition (Bajić, Ponorac, Rašeta, & Bajić, 2010; Obradović, Jakšić, Matić, Milošević, Bubanj, & Bubanj, 2011; Yoon, 2002) . That is why the significant attention in majority of sports is given to research of anthropological status of active athletes, as also to those who have the intention of doing some of the sports (Khani, Farokhi, Shalchi, Angoori, & Ansari, 2011; Rupčić, Matković, Knjaz, Baščevan, & Rodić, 2011; Schmidt, Piencikowski, & Vandervest, 2005) . Knowing of individual characteristics of active wrestlers is necessary precondition for successful planning of quality programs for management of training process (Станков, Климин, & Письмеский, 1984) . Among many characteristics owned by every athlete, the morphological ones are, for sure, one of those that significantly influence the achievement of significant sports results. That is why they are recorded SportLogia 2012, 8(2) , 123-131 e-ISSN 1986-6119 www. SportLogia.com and analysed with special attention, as a base or morphological status at the very beginning of training process, but also as a goal, e.g. morphological status that needs to be achieved (Kasum & Obradović, 2008) .
Wrestlers are characterized by specific morphological characteristics, which basic features are: accentuated width and girth of the body, proportionally long arms and short legs, a large percentage of active muscular body weight (Борисов i Туманян, 1973) . By classification of Bunaka (Станков et al., 1984) , there are three basic constitutional types of fighters (chest, muscular and abdominal), and four transition (breastbone -muscular, muscular -thorax, muscular -belly and belly -muscular). Chest type fighters are characterized by well-developed chest and powerful shoulder belt. Muscular type is characterized by cylindrical shape of the chest, flat stomach and a strong, well-developed muscles and moderate fat deposits. Abdominal type is characterized by a conical shape of the chest, bulging stomach, his back bent, significant amount of fat and medium musculature. There are a number of morphological parameters that are monitored and analyzed which can significantly affect the choice of technique that is most often used in combat (Kasum & Radovic, 2009 ). This primarily refers to the longitudinal and transverse dimensions of the skeleton and the diameters of the joints, which are to a large extent determined by hereditary factors. However, it was observed that the biggest wrestling competition winners, compared to other competitors of the same weight category, often have more accentuated longitudinal dimensions (Kasum, 2001) .
Influence of long term training process on some morphological parameters can be significant, but they cannot significantly be influenced by planning. This is the case with osseous system, where the wrestlers, under the influence of stress, obtained higher specific gravity, and volume (Аныш, 1999) . It was observed that the champions of Europe, World and Olympic games differ from other wrestlers from the team by the fact that they have greater absolute and relative size of the bone and muscle tissue, and the smaller size of subcutaneous and total internal fat. Similar results were obtained by Туманян and Мартиросов (1974) , and they believe that such a relationship of components of the body weight predisposes appropriate specific body weight of wrestlers, which is the largest in representatives of smallest weight classes, and the lowest with representatives of heavyweights.
There are several different formulas to calculate body composition. All of them use data obtained by anthropometric measurements. In this way are obtained values of muscle, bone and fat tissue in absolute and relative values. Thus Моргунова, Патратия, and Старков (1985) , based on a sample of 138 freestyle wrestlers from the structure of the SSSR national team, using the formula I. Matiegka, made a The development of new measurement technologies opens new possibilities for the development of new ways of obtaining information relevant to the sport system. One of the new technologies used in space measurement of body composition structure is a method bioimpedance and the latest generation use multichannel bioelectrical bioimpedance variation, as a method that is becoming the gold standard in studies of human morphology (InBody 720 Biospace, 2008) .
The aim of this research is to define morphological model of senior age wrestlers, using the latest technological methods that will make revalidation of existing knowledge about the given area.
METHODS

Sample of respondents
The sample was composed of 22 male respondents competing in the discipline of Greco-Roman style of wrestling at the elite senior level. Respondents were members of representations of following countries: Serbia (n = 10), Croatia (n = 9), Montenegro (n = 2) and Greece (n = 1). All were familiar with the testing conditions and they voluntarily participated in the study. Basic descriptive characteristics of the sample were: Age = 23.1 ± 2.4 yrs., BH = 175.7 ± 8.96 cm, BM = 81.95 ± 14.75 kg., BMI = 26.33 ± 2.43 kg/m 2 ., Training Experience = 12.5 ± 2.7 yrs., weekly training frequency = 9.5 ± .9 training session / week., the summary volume of weekly training mode = 842.4 ± 139.2 min workouts / week. The research was carried out in accordance with the conditions of »Declaration of Helsinki for recommendations guiding physicians in Biomedical Research Involving Human Subjects« -(http://www.cirp.org/library/ethics/ helsinki/), and with the approval and consent of the Ethics Committee of the Faculty sport and Physical education, University of Belgrade.
Testing procedures
Measurement of body composition was performed using bioelectrical impedance (Bioelectrical Impedance Analysis -BIA), using the latest generation of professional appliances -InBody 720 Tetrapolar 8-Point Tactile Electrode System (Biospace, Co., Ltd.). InBody 720 apparatus uses the latest technology of measuring body composition using DSM-BIA method (Direct Segmental Multi-frequency Bioelectrical Impedance Analysis), where the use of a different frequency range from 1kHz to 1MHz using methods reactivity measures quantity / weight of all four major body components -water, proteins, minerals and fats with accuracy of: 92.2% for Visceral fat Area (VFA) to 98.0% for the Fat Free Mass (FFM) (720 InBody Biospace, 2008) .
All measurements were carried out in the period March -April 2010, during the final stages of preparation for the European Championship in wrestling, and the respondents were familiar with all preconditions of measurement procedures (ACSM, 2005; Heyward, 2006; InBody 720 Biospace, 2008 ):
• measurements were carried out in the morning (between 9:00 and 10:00 a.m.); evening before measurements respondents were not taking any food after 9:00 p.m., and on the day of measurement they were not eating breakfast or drinking liquids before the end of the measurement procedure; • 12 hours before measurements respondents did not have great physical strain, i.e. practice strains; before measurements respondents performed all basic physiological needs;
• 48 hours before the measurement the respondents were not consuming alcohol; before the measurement the respondents were standing at least 5 minutes to redistribute the body fluids in the tissues; the measurement was performed in the standing position by the procedure recommended by the manufacturer (hands aside 150 from the body).
Variables
This study comprises a total of 23 variables, of which 13 are primary and 10 are derived (index) variables which define the morphology and composition of the body:
Basic variables to define the morphological structure and body composition were:
• TM -body mass, expressed in kg;
• BMI -body mass index, expressed in kg/m Derived (index) variables to define morphological structure and body composition were:
• TBW% -percent of total body water, calculated as: TBW / BM, expresed in %; • Proteini%, percent of proteins, calculated as:
Proteini 
Statistical analysis of data
All results were first subjected to descriptive statistical analysis to define the basic measures of central tendency and dispersion of data (M, SD, cV%, SE, 95% confidence interval -lower and upper bound). For the form of distribution were used measures of flatness and curvature (skewnis and kurtosis), while for calculating the regularity of distribution was used a non-parametric Kolmogorov-Smirnov test. All statistical analyzes were implemented using software SPSS Statistics 17.0. (SPSS Statistics, Inc.).
RESULTS
Results of basic morphological variables
Results of basic descriptive statistics and comparative analysis of partial morphological variables measured by sample respondents (Wrestlers /n = 22), are shown in Table 1 .
The results of derived (index) morphological variables
Results of basic descriptive statistics of derived (index) morphological variables measured on samples of respondents (W/n = 22) are shown in Table 2 . Legend: M -Mean; SD -Standard deviation; cV% -Coefficient of variation in percent; Min -Minimum; Max -Maximum; Skew -Skewness; Kurt -Kurtosis; SE -Standard eror; K-S p -Kolmogorov-Smirnov probability; TM -Body weight; BMI -Body mass index; ICW -Intracellular water; ECW -Extracellular water; TBW -Total body water; BMC -Bone mineral content; BFM -Body fat mass; SMM -Skeletal muscle mass; BCM -Body cell mass; VFA -Visceral fat area.
DISCUSSION
On a general level, adequate body composition is one of the factors that have a significant degree of influence in terms of selection of preferential techniques and the formation of a specific wrestling style (Kasum & Radovic, 2009) , and achieving competitive success at major competitions (Jagiełło & Kruszewski, 2005; Jagiełło, Tkaczuk, & Kruszewski, 2004) . Given effect in certain sports is even more important, especially in those sports where there are weight classes, i.e. martial arts and strength sports such as lifting weights (Jagiello & Kruszewska, 2009) .
Advancement of technology itself evolves development of new measurement instruments, which has resulted in the establishment of such new instruments and measurement procedures, which all together establishes the basis for a new understanding potential with the possibility to improve the existing level of knowledge. The aim of this study was to use this new technology -multi-channel electrical bioimpedance, and by that define a generic /general/ descriptive profile of body composition of elite Greco--Roman style wrestlers, as well as to establish new indicators defined as index values for the evaluation of the same.
The results showed that distribution of all analysed variables is not different from the hypothetical correct one, and therefore it can be argued that the results can be interpreted as valid and reliable, regardless of whether it is original or derivative (index) variables (Table 1 and 2, from K-S p = .986 for Osseous to p = .051 for PFI).
In relation to body mass (TM) measured average value of tested sample was 14.39 ± 81.95 kg with a range of scores from 61.5 to 118.2 kg. As the test sample was made up of wrestlers from all weight categories, data on the average weight is only informative.
In relation to body mass index (BMI) measured average value of tested sample was 26.33 ± 2.37 kg/ . On the basis of the reliability interval (95% probability) it can be argued that elite wrestler`s optimal BMI values are in the range of 25.34 to 27.33 kg/m 2 . Bearing in mind the fact that the tested sample is comprised of top level wrestlers from four regional countries (Serbia, Croatia, Montenegro and Greece) it can be accepted as a fact that the given range of BMI is competitive optimum in relation to quantitative characteristics of body mass for Balkan region population of wrestlers.
Data about the amount of fluid inside the body (Tables 1 and 2) showed that the average hydration measures of tested wrestlers were at a level of 34.71 ± 6.10 liters of liquid content in the cells (ICW), 20.37 ± 3.83 liters of liquid contents in the extracellular space (ECW), that the total amount of water in the body was at the level of 55.08 ± 9.91 liters of total fluid in the body (TBW). Measured amount of TBW represented 67.24 ± 2.51% of total body weight (TBW%). Given variable had the characteristics of a very homogeneous size with minimal variation of only 3.73%, a very small error in measurement methods of only 0.54% and a reliability interval of 65.61 to 68.88%.
In any case, the amount of water is very important information for wrestlers. Excessive loss of fluids Legend: M -Mean; SD -Standard deviation; cV% -Coefficient of variation in percent; Min -Minimum; Max -Maximum; Skew -Skewness; Kurt -Kurtosis; SE -Standard eror; K-S p -Kolmogorov-Smirnov probability; TBW% -Percent of total body water; Proteins% -Percent of proteins; BMC% -Percent bone mineral content; PBF% -Percent of body fat; SMM% -Percent of smooth muscle mass index; BCM% -Percent of body cell mass; PFI -Protein fat index; BSI -Bone strength index; VFA/BF -Fat distribution index.
leads to dehydration of the body, and each dehydration leads to the loss of electrolytes. Electrolytes that are actually dissolved ions in the liquid, have the function of nerve impulse delivery and shortening of muscles, i.e. all physiological functions. As the fluid enters the body through the gastrointestinal tract, and eliminates through the sweat glands and kidneys, the body (especially the kidneys) makes an effort to preserve the proper concentration of electrolytes. However, if the dehydration process is too fast, violent or too long, the concentration of the electrolyte is more disrupting. Even a little disruption of electrolyte balance is manifested by general weakness, impaired mental function and loss of muscular coordination. The excessive dehydration of organism disrupts the function of the kidney, and therefore leads so reduction in the volume of blood and the loss of intracellular liquids. In relation to the variable status of contractile tissue (protein and skeletal muscles), the results showed that the measured average protein value is 15.00 ± 2.62 kg, with a range from minimum of 11.30 to a maximum of 22.80 kg, and a reliability interval of 14.06 to 15.9 kg of proteins weight. In relation to the established skeletal muscle mass (SMM) the average value of the sample was 43.26 ± 7.96 kg with a range from a minimum of 32.00 and a maximum of 66.90 kg, and a reliability interval of 40.50 to 46.02 kg of skeletal muscle mass. The value of the percentage of protein in the body (Proteins%) was at the level of 18.33 ± .70% proteins/kg TM (reliability interval = 17.86 -18.79%), while in relation to the tested sample of elite wrestlers the percentage of skeletal muscle was 52.79 ± 2.06% SMM/kg TM (reliability interval = 51.45 -54.13%). As a measure of the ratio of protein and fat component an innovative index (PFI) was used in this study, and it was found that top wrestlers at 1 kg of adipose tissue have 2.69 kg of protein mass, i.e. the given value of the index was at a level of 2.69 ± 0.70% proteins/BFM with a reliability interval from 2.18 to 3.21%.
Bearing in mind the fact that in wrestling there are weight classes, aspiration of all wrestlers to have a greater percentage of muscle tissue cannot be realized with forced muscle hypertrophy. In fact, even gain of lean muscle mass can be a problem if the wrestlers are brought into a situation to have to change competitor category. So in training of wrestlers strength training based on the improvement of neurogenic factors must be dominant, which aims to enable the greatest number of motor units with best frequency of the discharge. That is achieved by higher intensity and lesser extent of training. In doing so, it is necessary to use the same training exercises for different muscle groups, but also use distinct exercises for the same muscle groups. In this way we get musculature typical for wrestlers, characterized by a strong tendon and not too hypertrophied muscles. A big problem is the loss of muscle mass during weight reduction. It is known that muscles have a three times higher specific weight than fat, so weight loss is often not a true indicator of the efficiency of the reduction of body weight. It happens that the wrestlers lose more than 8 pounds and that their percentage of body fat increases, which is best illustrated by the fact that the regulation of weight was constructed without taking into account some basic principles. This research has also registered a case of wrestlers who lost even 9.6 kg in weight, and thereby »failed« to increase the absolute value of fat for .1kg, respectively to increase the amount of fat by .7%. Such a pronounced weight loss was caused by loss of 7.1 liters of water, or even 5.4kg of lean muscle mass. Of course, the result of such a regulation of weight is participation at the competition, which is not worth mentioning.
It has already been established that with wrestlers as athletes are dominated highly developed contractile characteristics (different aspects of expressing muscle force and muscle strength characteristics) as an adaptive response to training and competition with expressed mesomorphic constitution, i.e. expressed musculature -the muscle component. Consequently, the aforementioned adaptation, besides muscle component reflects to the oily component as well, where it was established that during the competitive part of the season, the percentage value of body fat (PBF) at the top wrestlers is in the range of 4 to 10%, with the exception of the super heavyweight category in which there is a large degree of diversity in the given variable (Yoon, 2002) . Almost same results of PBF were determined in this study, because the average value of the given variable was 8.49 ± 3.36% BF/BM with a reliability interval from 6.28 to 10.70%. In relation to the total value body fat in the organism the average of tested wrestlers was at the level of only 6.99 ± 3.28 kg with a reliability interval of 4.74 to 9.23 kg. The average value of visceral fat was 49.71 ± 8.72 cm 2 (reliability interval = 36.57 to 56.64 cm 2 ), while the average values of two index variables (BMI/ PBF index and VFA/BF), as indicators of fat distribution in the body (Deurenberg, 2001) were at a level of 3.79 ± 2.11 kg/m2 per 1% of fat, and 7.267 ± 2.959 cm2 of visceral fat per 1 kg of body fat mass, respectively (Table 2) .
It is known that the prolonged duration stresses (more than 30 minutes), as well as moderate intensi-ty, with pulse of 60 -70% from the maximum, even 85% of energy derives from fat (Đorđevic, 2005) . This fact is the reason why the competition meso-cycle training of wrestlers often includes intensities of moderate loads that are not characteristic for the wrestling match. It is already common for wrestlers who seriously reduce their weight to run in circles around the halls in which they had previously solved the technical and tactical tasks at the end of their training. Of course, a load of greater intensity also includes fat as an energy source, but it is a smaller percentage of energy obtained in that way, but with pulse of 80% from maximum, only 50% of energy is gained from fat. In each case, the percentage of body fat should be minimized, and the data obtained from the sample of high-quality wrestlers may represent reference values and some kind of recommended values. These indicators may vary during the year and are slightly lower in the competition than pre-competition mesocycle, but these differences are usually not statistically significant (Schmidt et al., 2005) .
However, when the weight of competition mesocycle is compared with the weights in the transition period, statistically significant differences were stated (Buford, Rossi, Smith, O'Brien, & Pickering, 2006) . In the transition period certain relaxation is possible in the control of body weight, but the deviation from the standard weight ought not to be too large, because the process of burning fat in the body requires gradualness and time. It is recommended that the removal of fat per week is between 1.2 and 2 kilograms, and in this period athletes should take food without fat, which contains minerals and vitamins, especially the B complex, as well as a reduced amount of carbohydrates and protein (Kasum, Jovanović, & Ćirko-vić, 2002) . If the weight of the body is much higher than usual, it requires entering into the problem of regulating weight and its reduction to a limit values.
In relation to the mineral component it was found that the total mass of minerals in the body is from 4.89 ± .99 kg with a reliability interval from 4.55 to 5.24 kg, that the mineral part of bone mass (Osseous) is 4.00 ± .83 kg with a reliability interval of 3.71 to 4.29 kg. Percentage of the mineral part of bone mass relative to body mass is at the level of 4.86 ± .24% (from 4.73 to 4.98%), and observed through the BSI index with the average value of .0486 ± .0024, on 1 kilogram of body weight in proportion there are 48.6 grams of bone tissue minerals (Table 2) .
Tested sample of wrestlers had 49.71 ± 8.73 kg mass of living cells in the body (BMC -Body Cell Mass) which is 60.74 ± 2.32% representation in the body (Tables 1 and 2 ).
In the end, the average estimated body composition (Fitness SCORE) was 96.90 ± 8.11 points, with a range of reliability interval from 93.05 to 100.00 points. Figure 1 shows the 4D model of body composition of tested wrestlers with the following model characteristics: in relation to the average body weight
FIGURE 1
4D model of body composition tested wrestlers.
of wrestlers from the sample -81.95 kg, the water content is 55.08 L and 67.24%, amount of proteins is 15.00 kg or 18.33%, the mass of minerals is 4.98 kg or 5.97% and fat weight is 6.99 kg or 8.49%.
CONCLUSION
Results of this study showed that quality wrestlers have the percentage of average fat in the body of 8.49% of the total body mass, with minimum and maximum values for total body mass at the level of 2.95% and 17.17%, respectively with a reliability interval from 6.28 to 10.70%. Bearing in mind the fact that in wrestling there are weight classes, larger amounts of fat are unnecessary ballast, which must be maximally reduced.
In contrast to adipose tissue, with wrestlers is very desirable to have high percentage of muscle tissue. Results of this study showed that with quality wrestlers, the percentage of lean body mass on average is 52.79% of the total body mass, with a minimum recorded values of 47.78% and a maximum value of up to 56.79% of the total body mass, i.e. with a confidence interval of 51.45 to 54.13%. Bearing in mind the fact that in wrestling there are weight classes, aspiration of all wrestlers to have a greater percentage of muscle tissue cannot be realized by muscle hypertrophy. In fact, gain of lean muscle mass can even be a problem if the wrestlers are brought into a situation to change competitor category.
In any case, the amount of water is important information for the wrestlers. Excessive loss of fluids leads to dehydration of the body, and each dehydration leads to the loss of electrolytes. Results of this study showed that the average measure of hydration of quality wrestlers was at a level of 34.71 ± 6.10 liters of liquid content in the cells (ICW), 20.37 ± 3.83 liters of liquid contents in the extracellular space (ECW), and that the total amount of water in the body was at the level of 55.08 ± 9.91 liters (TBW). Measured amount of TBW was 67.24 ± 2.51% of total body weight (TBW%). Given variable had the characteristics of a very homogeneous size with a reliability interval of 65.61 to 68.88%.
However, the most important result of this study is defining of generic (general) four-dimensional model (4D model) of body composition in a function of quality international-class wrestlers, which has the following characteristics: in relation to the average body weight of wrestlers from the sample -81.95kg, the water content is 55.08L or 67.24%, amount of proteins is 15.00kg, or 18.33%, mineral mass is 4.98kg or 5.97% and fat weight is 6.99kg or 8.49%.
